We describe a local indigenous outbreak of measles in a susceptible Roma community, which occurred in Pulawy, a town of 50,000 citizens in the Lubelskie province (eastern Poland) during summer 2009. From 22 June to 30 August 2009, 32 measles cases were reported, and additionally nine possible cases were actively identified. A mass immunisation campaign was organised to stop measles transmission in the Roma community. Active surveillance of rash-febrile illnesses allowed documentation of the impact of mass immunisation in preventing further measles spread in the Roma community, and the surrounding population of Pulawy.
Outbreak notification
Between 26 June and 21 July 2009, 14 measles cases were reported by physicians to the public health authority in Lubelskie province, Poland. All affected persons were from a Roma community living in the town of Pulawy. No measles cases had been registered during the previous decade until 2008, when six cases were notified in the same Roma community in Pulawy.
The investigation suggested common exposure between the first reported cases. The index case was a Roma resident of Pulawy. On 20 June he returned from the city of Lodz, where he had been was in contact with a Roma person who had recently returned from England with rash illness (this case had not been reported to the Polish national surveillance). On 22 June he developed typical symptoms of measles, subsequently confirmed serologically, and was admitted to hospital on 26 June.
Outbreak investigation
An outbreak investigation team was formed comprising epidemiologists and public health officers at district, regional and national level.
Case definitions were set up as follows:
• Active case finding was implemented simultaneously. We reviewed the medical documentation from all primary healthcare facilities in Pulawy since mid-June retrospectively, to search for cases of rash-like illness, which could indicate undiagnosed measles transmission occurring inside or outside the Roma community. Beginning from 10 August 2009, enhanced surveillance was set up, requesting primary healthcare and hospital physicians to report all new rash-febrile cases, and to send weekly reports including all suspected cases or zero reporting.
Outbreak description
From 22 June until 30 August 2009, 41 cases were registered, of whom 32 (78%) were reported through the routine surveillance, and nine were actively found. According to the case definition, eight (19%) of the 41 cases were classified as confirmed, 24 (59%) as probable and nine (22%) as possible. The shape of the epidemic curve ( Figure 1 ) indicated person-to-person propagation, with several transmission chains.
Of 41 registered cases, 35 (85%) were of Roma ethnicity, residing in two localities in Pulawy inhabited by the local Roma community. In addition, one occupational case was reported in a Polish hospital nurse working in the department of infectious diseases of the district hospital in Pulawy. A further five non-Roma cases were notified, all of whom were actively found and classified as possible cases.
Among the 32 confirmed or probable cases, 13 (41%) were female ( Figure 2 ). The mean age was 12 years (range: three months to 49 years) and the median age was 12 years. Four infants (12%) and nine adults (28%) were among the 32.
Twenty two of 32 (69%) patients were hospitalised in the department of infectious diseases at district hospital in Pulawy and the others were treated in primary healthcare. Practically all 32 confirmed or probable cases developed typical erythematous maculopapular rash, fever >38 °C and cough. Most of the patients had Koplik spots, coryza and conjunctivitis. Four cases, all of them unvaccinated, of whom one was classified as confirmed and three as probable, experienced severe complications; namely, three patients had pneumonia and one infant had myocarditis, encephalitis and pneumonia. All patients recovered and no fatal cases were registered. The nine cases that were classified as possible cases had very mild symptoms with rash and fever, and none of them were hospitalised.
Laboratory results
Biological samples from eight cases were tested in the laboratory, and all were confirmed as measles-positive at the National Reference Laboratory for Measles and Rubella of the National Institute of Public Health in Warsaw, three serologically (ELISA IgM-positive) and five by detection of measles virus (one through virus isolation, five through PCR testing). Genotype D4 isolate Pulawy.POL/28.09 was confirmed from two cases, detected at the World Health Organisation's European Regional Reference Laboratory for Measles and Rubella at the Robert Koch Institute in Berlin.
Vaccination status of cases
From a total of 32 confirmed or probable cases, 28 were not previously immunised, including five infants (between three and 13 months) who were not vaccinated because of young age. Only one, a 1.5-year-old boy, was previously vaccinated (three months before onset) with one dose of measles-containing vaccine. Three persons received their first dose during the mass Number of cases vaccination campaign that was initiated as a control measure to interrupt the spread of the outbreak. They had onset of measles four to five days after the vaccine administration (Figure 3) . Among the nine possible cases, seven were previously vaccinated. 
Control measures

Discussion and conclusions
This outbreak has been the largest indigenous cluster of measles in the past decade in Poland, affecting one tenth of the local Roma community. Infants, children and adults had measles and several patients had severe complications.
In addition to the standard procedures (treatment and isolation of cases, contact tracing, offering of postexposure vaccination until 72 hours after the contact), we implemented active case finding and organised a mass immunisation campaign as a response to this outbreak [1] . Moreover, vaccination coverage, size and age distribution of the Roma population in Pulawy was assessed, as described in a parallel article [2] .
Factors that facilitated the spread of infection in the susceptible Roma population were low prior vaccination uptake, high contagiousness of measles, infection transmission lasting from between two and four days before to four days after rash onset, questionable home isolation of cases and numerous contacts inside the community. Children and adults fell ill, as described in other countries [3] [4] [5] . Several infants experienced measles at an age below the limit for the first vaccine dose in the national immunisation schedule. We observed several waves of propagation within the community. The herd immunity in the local Roma population was insufficient to stop the outbreak. Interruption of indig- enous measles transmission is considered one of the criteria for elimination [6] .
The targeted mass immunisation was efficient in limiting measles transmission. Only five cases occurred after the campaign in the Roma community. Among them were three patients with onset of disease four to five days after administration of the vaccine. They had received their first dose during the campaign and were probably vaccinated during the incubation period. Two children with onset of disease after the campaign had not previously been immunised, one because of young age (under six months-old) and the other was referred to a neurologist and an allergist to verify the contraindication, but his parents did not take the child to see the specialists.
One additional case that occurred after the campaign targeted only to Roma, was the occupational infection of the hospital nurse reported in routine surveillance. This case could have been avoided if the nurse had been previously vaccinated. Ensuring that healthcare workers are adequately protected is a key requirement to prevent healthcare-associated measles infections [7] .
All nine cases identified through the active surveillance, four were of Roma ethnicity and five non-Roma, were classified as possible cases. All nine had mild symptoms and were treated in an outpatient clinic. Most of them were found retrospectively. Seven of the possible cases had previously been vaccinated against measles, of whom six with one dose, and none were laboratory-tested for measles. It is therefore possible, that they may have had a different febrile-rash disease not necessarily caused by measles virus. Nevertheless, active case finding and inclusion of possible cases was useful in order to assess how far the outbreak might have spread. The active surveillance helped us in documenting that the mass vaccination effectively stopped transmission in the Roma community and that the nonRoma population was not or just marginally affected.
Based on the above evidence, we can conclude that due to high vaccination coverage in Poland's general population, large-scale spread of measles outside the Roma community was avoided. According to the official statistics for 2008, the vaccination coverage for the combined MMR vaccine was 98.4% for the first dose administered at the age of 13-15 months, and 97.2% for the second dose given at the age of 10 years [8] .
Poland belongs to the countries with moderate incidence of indigenous measles, with 0.1-0.3 cases per 100,000 population in the years 2006 to 2008 [9, 10] . Fourteen percent of all cases in 2008 were imported [10] . In the current indigenous outbreak, the index case was infected in June 2009 when staying in the city of Lodz, where several measles cases were registered at the time [11] . The epidemiological investigation revealed contact with a person with a rash illness recently returned from England. This person was neither reported to the surveillance system nor identified by the index case, so remains unknown and no details regarding the travel history were obtained. Only eight cases were laboratory-tested for measles during the outbreak, which is a quarter of the cases reported in routine surveillance and a third of the hospitalised ones. The proportion of laboratory-tested patients should be higher in the phase of measles elimination. However, samples were taken and confirmed from patients in almost every chain of transmission in the outbreak. Several outbreaks of measles have been reported in many European countries within the past years, in particular in susceptible population groups such as orthodox Jewish communities [12] , religious schools [13] , anthroposophic communities [14, 15] , traveller communities [16, 17] and in regional or national outbreaks involving a large proportion of Roma/Sinti [18] , Roma migrant or indigenous populations [3, 4] . Measles clusters in susceptible communities are a considerable public health problem. To reach the goal of measles elimination in Poland and other European countries, a stronger commitment by decision makers to improve vaccination coverage in all sections of the population is needed. Regional and national elimination strategies need to include steps to assess the accumulation of susceptible individuals and interrupt indigenous transmission [19] .
Causes of low vaccination uptake must be defined. In the case of Roma communities we should consider factors that may contribute to the low vaccination coverage that was observed for example in Pulawy [2] . The reasons could be varied, such as socio-economical and cultural differences, level of education, language barriers, discrimination [20] or low awareness of vaccination as a preventive measure. Where there is limited access to healthcare, this must be improved. By organising the vaccination campaign in Pulawy, we have learned that for a public health intervention in the Roma population to be successful, it must be tailored and supported by Roma family and community leaders.
Education of public health and healthcare professionals must continue in the phase of measles elimination [21] , and laboratory testing of febrile-rash illnesses is essential.
Recommendations
1. Cooperation between local administrative authorities, social workers in contact with the Roma, primary healthcare workers and public health professionals is necessary in reaching Roma communities to prepare and implement public health interventions including suplementary immunisation activities. 2. Offering immunisation against measles to unvaccinated inhabitants in Pulawy and other towns in which inadequately vaccinated populations have been identified could prevent further outbreaks. 3. Surveillance of febrile-rash illnesses should be enhanced by enforcing laboratory testing of all suspected measles cases to document measles elimination in the present situation in Poland.
